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éﬁstract

The vesults of four experimental investigations of the performance
obtained with a digital-readout {DR} version of the code-transformation
(COTRAN} task are reported. A three-phase (3P) version of the COTRAN
task was developed previcusly {cf. Ailuisi § Coates, 1867) to provide
a means for obtaining performance measursments of that part of intel-
lectual functioning which is typically called '"nonverbal mediation;"
both versions of the task are modeled after the problem-soiving paradigm,

The first two experiments were preliminary oy background investiga-
tions that socught to compave (z) the factorial structures of the DR-
COTRAN and 3P-COTRAN tasks, and (b) the relative sensitivities of the
twe versions to practice effects and to the effects of infectious dis-
ease {subjects i1l with Sandfly fever), when both tasks were used alone
without smy requirement for time-shaving. The third study was intended
to measure the acquisition of skill on the DR-COTRAN task and the in-
filuence of practice on the nonverbal mediation measured with the ¢ask.
The fourth, and final, investigation measured the effects of operator
loading on DR-COTRAN performances, and, conversely, the effects of
adding the DR-COTRAN task to variocus combinations of tasks currently
employed in g multiple-task performance {MIP) battery (ef. Alluisi,
1969; Alluisi § Chiles, 1967; Chiles et al., 1968).

Bach of the four experiments is presented and discussed separately,
and the report is concluded with a relatively brief general discussion
in which the results are compared with those of similar studies prev-
icusly mede of the 3P-COTRAN task (Alluisi § Morgan, 1968). The general
conclusion reacned was as follows: The DR-COTRAN task permits the
measurement of the same nonverbal-mediatiocnal aspects of intellectual
functioning as provided for in the third, or problem-solving, phase of
the 3P-COTRAN task. The two versions of the COTRAN task differ in texms
of some appavently nonessential characteristics, and in these cases the
differences favor the DR-COTRAN version for use as an additional task
in the MIP battery.
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Performance Msasursment of Nomverbazi Modiation:

& Digitel Readout Versiom of the Code Transformation Task {DR~COTRAN}

Introduction

The assessment of human performsnce in operszlionsl systems is an
impovtant and continuing requirement of human factors engineerving. Yet,
past evaluations of the pevformances of man-machkine systems have tended
to be focused principzlly sn the machine components, rather than the
human, and ressarchers have been concerned move zenerally with the out-
put of the system tham with the perfommance of tue man within the systen
{cf. Bray, 1948; Chepanis, 1961; Fitts, 1862; Mclyrmick, 31964; Sinzike &
Buckiey, 1961).

Partly in ovder to correct thisz situation by the development of
suitzble methodclogizs, numerous “performance batteries" or combing.ions
of tests of human performence have bsen designed (ses the recent excel-
ient yvevisw of Finley et al., 1%69). A muitiplie~task performance (MIP)
battery is one of those that has been employed witl some success; it is
based on 2 synthetic-work spproach to performance ussessment.

Synthetic Work and the MIP Battewy

The synthetic-work approach (Alluisi, 1967, .969; Chiles &t al.,
1968} has been developed to provide measurements and svaluations (assess-
ments) of human performance in z work-bshavior douain synthesized within
a man-machine system setting. The man's job or work situation is cresated
by & synthesis of several time-shared tasks that npresent functions
which man is celled wpon to perform in many differint jobs. It is a con-
promise between the use of full-sczle simulation on the one hand, and
specific-test techniques on the other.

Specifically, the syathetic-work approach provides less face va’idity,

but greater gensrality than full-scale, integrated, mission simulation

{cf. Grodsky, 1967; Grodsky et al., 1966}; it provides more face wriidity
at the price of less well estabiished comtent walidity than the best of
the facior-anslytically based specific-test techniques (cf. Fleirhman,
1867; Parker, 1967). Basically, it provides a job sitvatiomn in which

men work, at vealistically high levels of skill and with wealistica'ly
varying levels of workliocad. The front view of an operator panel from

one of the MIP batieries used in the synthetic-work approach to the
study of pevformance assessment is shon in Figuve 1.



Pigure 1.--Photograph of the front view of an MIP opsrator panel.

Behavioral megsures sre cbtained from the operator’s performance in
working at the sixz tasks presented with the panel. The tasks are generally
displiayed at each of five identical work stations--one for each member of
a S-man crew. Three waichkeeping tasks sre wused to measure the performance
of watchkeeping, vigilance, and attentive functions [warning-lights,
blinking-lights, and probability monitoring). Three active tasks arve
used to measure the performance of memory fumctions {arithmetic computa-
tions), sensory-percepiual functions (taryst identifications), and pro-
cedural Punctions {cods-lock solving}. Communication functions are not
measured divectly, although they are involved to some extent in the per-
formance of ail three active tasks.

Detailed descriptions of the MTP battery have been published else-
where (cf. Alluisi, 1969; Chiles et ai,, 1968). All of the tasks current-
iy used show very h&gh veliabilities (Alluisi § Chiles, 1987; Alluisi et
dloy 1862; Chiles et al., 1968; Passey sl al., 1964}, and have done so
since th@xr eariiest use {Adams et al., “1958). Por further details, the
papers cited should be consulted, especislly the three summary papers
{Alluisi, 1969; Alluisi § ﬂhiiesﬁ 1967; Chiles et al., 1968j.



Some zttempts have been mede to employ tracking tasks with MIP batten-
ies {e.g., Adams et al., 1959; Chambexs et al., 1966}, and tasks have been
designed to measure divectly either a kind of decision-making behavior {(&f.
Rebbin, 1969} or certain nonverbal-mediational aspects of intellectusl
fﬁnctionéng {cf. Alluisi § Coates, 1967, 1969; Ailuisi & Morgan, 1968).

It is with this last performance function that the present paper deals.
That is to say, the investigations reported here are part of 2 continuing
program of research aimed at the further development of a task that can
be ussd slione or as part of an MIP battery to provide direct performance
measures of the nonverbal-mediational aspects of man's intellectual
functioning.

Megsurement of Nonverbal Mediation: IP-COTRAN

Although the majovity of the problem-solving tasks employed prior to
1953 weye of the pavior-game variety {29 tasks of this type have been
described by Rey, 1955), attempts have been made subsequently to develop
tasks that would pemmit precise experimental investigations of man's
problem~sciving behavior. One such task has bsen developed under the
current reseaych progyvam {see Aliuisi & Coates, 1967, 1969; Alluisi §
Morgan, 1968); namely, the three-phase code transformation task (3P-COTRAN}
that is shown in Figure 2. Based on a modification of the ‘code-lock
solving" task of the MIP battery, this initial version of the COTRAN task
consists of three working elements: a vesponse boayd, an information
panel, and a memory unit.

Figure 2.-~Photograph of the IP-COTRAN apparatus showing the
operator’s memory unit, information panel, and
response board.



The response board consists of five responss keys arrvanged to £it the
fingers of the opevator's vight hand. The information panel consists of
three primery indicator 1lights on a sioping panel (amber, red, and green,
from left to zight}), and three secondary indicator lights {all blue) on the
lower Front of the display. The bliue iights are used to indicate the cur~
rent phase of the problem {I to IXI, from left to wxight), whereas the wed,
ambsz, and green lights provide the information necessary for the problem's
solution. The memory unit consists of two memory sids, each with z bank
of five, S-position wrotary switches which can be set to point to one of five
mmbers {1 through 5). Use of the two memory a&ids permits the operator
to vecord his phase~I and phase-II solutions.

The thres phases of the task are verformed sequentially. In phase I,
the operator is vequired to discover, by means of g gystematic trial-and-
eryor search procedure, the proper sequential owvder for depressing the five
response keys f{one for each finger of the right hand). The thrse primary
indicator lights on the sloping psnel are used by the operator, as described
below, in discovering the correci sequence.

The amber light is illuminated when the operator depresses any of his
response keys, and it is extinguished when the key is released. The red
iight, which was illuminated as the signal for the start of the problem,
remains illuminagted unless the key that was pressed is the correct first
response. If it is the corvect fivst response, them the red light is extin-
guished at the same time as the amber light, and it will remain sxtin-
guished until an incowrect or cut-of-sequence vesponse is made. When this
oceurs, the red ilight is ve-illuminated, and the programming apparatus is
reset automatically to the begianing of the sequence. Then, in order to
recommence the search for a solution, the correct first response key has
to be depressed first, the correct second response key has to be depressed
next, etc. When all five response keys have been depressed in the correct
order, the green Llight is illuminated as a signal that the sequence pre-
sented in phase I has been completed, and the operator can now record his
solution on the wemory umit.

Foliowing a betwsen-phase pause of 30 sec., the green light will go
off, the ved light will come on, and the operator is presented with phase
if of the problem. Phase II is identical to phase I except that it involves
a differsnt sequence. The left-most blus light is iit during phase I, and
the second or middie 1ight is 1it during phase II,

When the ved light comes on st the beginning of phases I and II, the
opesrater has no way of knowing or prediciing the correct sequence. Rather
than have him search for the sequencs in a haphazard mapnner, he is in-
structed to work systematically. Specificslily, he is imstructed %o ini-
tigte his search for each part of the sequence with the left-most available
key and to search in the direction of the right-most available key. This
procedure distributes the keypressing workloazd in direct velation te the
dexterity of the fingevs {most tc the thumb, index, and middie fingers, and
least to the vring and little fingers:; c¢f. Dvorak et al., 1936j.



During phase III, which begins immediately upon complietion of the
phase~il sequence, the right-most blus fight is 1it and the operator must
begin to deduce from the seguences ({solutions) of phases I and IT the trans-
formation that must have been applied to the phase-I sequence in ovder for
it to have genersted the phase-Ii sequence. That is to say, the operator
west determine how the phase-I ssquence f{which he has enteved on the top
memory aid) would have had to change in ordsy for it to have become the
phase-II sequence {which he has entersd on the botiom memory aid}. He is
then requived to epply the deduced transformation %o the phase-II sequence
in order to solve the thiwvd phase of the problem. The problem is solved
when the corrsct five keypressing wesponsss of the phase-III sequence
have been made.

Prior experimentaticn with the 3P-COTRAN task has indicated that it
can be used in the messurement of that aspect of intellsctual functioning
or problem-solving beshavior which is generally identified as nonverbal
medistion (Aliuisi & Costes, 1967, 19693. It has also been used success-
fulily as a wehicle for the study of skilled problem-solving performance
{Alluisi § Morgan, 1968). PFurthewmore, it seems %o have satisfied most
if not g1l of the criteris against which it was developed; mamely, {1}
that it should provide & lsrge number of problems of comparsble difficulty
and sclvable accorxding %o a single principlie, {2} that solution of the
problems should regquire & minimem of technical or specialized knowledge,
{3} that soiution of ome probiem should facilitate subsequent solutions
{i.e., practice should improve performance, st Iisast for a finite numbser
of problems solved}, {4) that the task should provide for several measurses
of nonverbal medistion as well as for weplication of each measurement during
reasonably short intervals of time, and {5} that it should provide for
experimental contwols of the important warisbles asscciated with nonverbal
mediation.

Howevey, certsin practical limitations ¢o the use of the IP-COTRAN
task also have been noted. Four importent limitations have been identified
as follows:

{1} Relatively extensive instructions ars requived to train operators
o perform this task. The instructions ave quite detailed and require 30
minutes or move for presentation, thersby veducing the time available for
performing XP-COTRAN problems during the initial experimental session
{typically of 50-minutss duration).

{23 The vate st which problems ave sclved is welatively siow; the
presentation and sclution of 2 problem on the average vequires from 1 1/2
to 2 minutes. This means that no moxe than 30 to 40 problems cen be pre-
sented per l-hour session subsequsnt tc the initial or instruction session.
Since asymptotic pevformance is not reachsd until after the soliution of
between 108 and 162 problems {sse Aliuisi § Mowrgan, 1968}, from 4 o &
hours of practice ave required before skilled performence can be investiga-
ted {and, if the practice had to be time~shared with other tasks, e.g. on
the kind of schedule used with the MIP battery, it is estimated that be-
tween 24 and 30 hours of such performence might be required before 2symp~
totic performance of the 3P-COTRAN task would be reached).
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{53 The limitation stated in 2, above, also means that the 3P-COTRAN
t8s8k could not be used reliably with brief 10 to 15-minute performance
periods since only 5 to 10 problems would be solved on the average within
such intervals of tims. Past experience with the MIP battery has indicated
that rslisble measurements can bs made with 30 %o 45 problems {e.g., the
target-identification and arithmstic-computation tasks, respectively].
ks indicated esriier, this many pyoblems would require z minimum of I hour
with the 3P-COTRAN task, whereas the task-performance schedule used with
the MIP battsry is wmost compatible with task-performance intervals of 15-
minutes duration.

{43y Brperimental control of problem difficulty, as reflected in the
variable of transformation complexity {the number of elements in a sequence
whose positions sre changed in order to produce the sequence for the
next phase: see Alluisi & Coates, 1967, p. 8, for a discussion of this
variable}, is only partiy sttained with the 3P-COTRAN task pricr to
asymptotic performance {Alluisi & Mowgan, 1968).

Because of these limitations, it seemed desirable to design a second
version of the basic COTRAN task--z versiom which, hopefully, would be
less subject to such shortcomings, but which nevertheless would provide
equally valid and useful measurss of nonverbal mediatiom.

Measursment of Nonverbal Medistion: DR-COTRAN

A digital-readout code transformation task (DR-COTRAN} has been devel-
oped as s modification that eliminates the systematic search procedures of
phasss I and II of the 3P-COTRAN task., Instead, the information that would
have been pained from these phases {and entered by the operator on the two
banks of rotaxy switches provided with the memory unit)} is presented to the
operator in the DR-COTRAN task by use of two banks of digital displays.
Phase III, the problswm-sciving phase of the 3P-COTRAN task is left intact
as the only ‘phase” of the DR-LOTRAN task. The digital-display version
of the COTRAN task consists of three working elements as shown in Figure
3: & response board, sn information panel, and g digital-display unit.

The response board and information panel ave identical to those used
in the thrse-phase version of the task, but the digital-display umit re-
places in the DR-COTRAM task the memory unit employed with the 3P-COTRAN
task., The digitsl-veadout uwnit consists of two wows of five digital-
readout numerical indicators, sasch of which can be made to display one of
five numerals {1 thwough 5).

In performing the DR-COTRAN task, the operator is vequirsed essentially
to do the same things vequirved of him during the phase-III portion of the
ZP-COTRAN task. Spscifically, he must soive a set of problems, each of
which consists of determining the proper sequential order for depressing
the five response keys on the basis of the numerical information presented
on the digitai-display uni%.

A



Figure 3.--FPhotograph of the DR-COTRAN apparatus showing
the operator’s digital-display unit, information
panel, znd response boaxrd.

The five integers presented on each bank of the digital-display
unit represent a sequence or ovder compavable te the phase~I and phase-
I solutions in the eaylier version of the task {3P-LOTRAN}. Problem
solutions are atiained by comparing the first with the second sequence
{i.e., the upper with the lower bank of the digital-display unii} in
grdey to determine what changss [transformagtions) were made in the first
sequence to produce the second. The transformaticn thus determined must
then be applied to the second sequence in oxdey to produce g new sequence
which is pressed out on the keys of the rssponse board.

The three indicator lights {(red, amber, and green) on the sloping
surface of the information panel provide additional informetion, espe-
cially with regavrd to the correctness of the responses. The red light
is iliuminated at the begimning of sach probiem to signal the problem
onset, This light is alisc illuminated whenever an incorrect response is
made. The amber light is 1it whenever any response key is depressed and
remaing illuminated until the respomse key is veleased. The green light
is iiluminated only after the entire sequence of five keypresses has been
pressed in the correct owder. The illumination of this light indicates
successful solution and compistion of a problem.



On the surface, the DR-COYRAN task sesms ¢o have certain advantages
over the 3P-LOTRAN task as follows: {1} Opsrators can be given complete
instructions on the task in less than 5 minutes {as compared with 30
minutes for the three-phase wersion}. {2} The DR-COTRAN problems can
be solved at the rate of one evswy 45 to 55 seconds, on the average, so
thet wp to 80 problems could be presented within am hour, and as many as
20 during s 1S-minuts peried.

These edventeges sre sufficient to dictste the selsction of the DR-
COTRAM task over the 3P-COTRAN task for wse with the MIP battery, pro-
vided it can be shown that both provide essentislly identical perfor-
mence memsures of nonverbal mediation.

Plan of Studies

The vesults of four investigations of the performance cbtained with
the DR-COTRAN task ars presemted in the remasining sections of this report.
The first two were preliminary or background investigations thvi sought to
compare {1} the factorial structures of the digital-readout and three-
phase versions of the COTRAN task, snd {2} the relative sensitivitises
of the two versions o practice effects and to the effects of infectious
disease {subjects iil with Sandfly fever}. The third study was intended
to measure the acquisition of skiil om the DR-COTRAN task and the influ-
ence of practice on the nonverbal mediation measured with the task. The
fourth, and final, investigetion measured the effects of operator loading
on DR-COTRAN performence. Bach of the four experiments is presented and
discussed ssparately, and the veport is concluded with s relatively brief
general discussion that inciudes a sumary of the conclusions reached.

Experiment I

The purpose of the first superiment was to obtain data on the basis
of which a compariscn cculd be made of the factor struciures of the DR-
gnd the 3P-COTRAN tasks.

Msthod

Twoe groups, sach consisting of 20 subjects, were tested individually,
Bech subject in group I-DR completed 27 DR-UOTRAN problems, snd sach sub-
ject in group I-3P completed 2 similar mumbey of 3P-COTRAN problems. The
dzta of the two groups were then factor snalyzed and compared.

Agga?aﬁggfmuTh% apparatus consistsd of the thwee basic components
of gither the 3P-COTRAN task (respomse, information, and memory units)

or the DR-COTRAN task (response, information, and digital-display umits)
used by the subject and ftwo components used éy the experimenter for pro-

gramming and scoring. The pesitioning of the vesponse keys was deter-
mined from 10 male and 10 female subjects on the basis of measuvements



of the natural positioning of the fingers of the wight hand when at wvest;
the exact dimensions gre given elsewhere (Coates, 1966, Fig. 2}.

The six, 1/2-in. dismeter jeweled indicator lights on the subject's
information pansl wers wounted as previocusly shown im Figures 2 and 3.
The blue lights were used to indicate the phase of the 3P-LOTRAN prob-
lem on which the subject was working {I to IXI, from left to right),
whereas the red, amber, znd green lights provided ths information mec-
essary for the solution of phases I and II, as well as feedback with
rvegard to phase IXI and the single phase of the DR~-COTRAN problems.

The subjsct’s response and information units were mounted on & 30-by-20
in. response board which in turn was wmounted on a 3C-by-30 in. table,
The top of the table was 27 in. above the floor. The memory (3P-COTRAN}
and digital-display {DR-COTRAN) units were as previcusly described {cf.
Figures 2 and 3}.

The experimenter’s programming unit consisted of three banks of five,
S-position rotary switches--one bank for each of the three phases of a
problem in the 3P-COTRAN task, or for the two digital-veadout displays
and single performance 'phase" of a problem in the DR-COTRAN task. The
experimentey programmed the corvect sequences on these banks of votary
switches, vhich were comnected electrically to a stepping switch and &
series of welays that serxved to score the correctness of the subject's
vesponses. Thus, in conjunction with the programming urit, the scoring
wnit permitted the experimenter to monitor accurately the subject's per-
formance of either task. The subject's total responses, errors, and
response times {to the nesrest 6.1 sec.) wers vecorded on electromechanical
counters,

Subjescts.~-The subjects were 40 undergraduate male students at the
University of Louisville. They were wvolunteers from the Naval and Alr
Force ROTC units who were paid for their participation in the study.

The subjscts ranged in age Ffrom 18 to 25, with a median of 19 years.

811 20 subjeects In group I-3P completed their testing with the ZP-COTRAN
task prior to the testing of the 20 subjects in group I-DR who performed
the DR-COTRAN task.

Progedurs.~~Bach subject served in one sexperimental session during
which he sclved nine blocks of three probiems, or a total of 27 problems
in all. Each block of probiems comsisted of a three~, four-, and five-
elsment transformation; the order of presentation of the three transfor-
mation complexities was countevbalanced throughout the session.

The subject and his apparatus occupied a 7-by-i4 £i. experimenial
room in which an overhead flowescent light fixture provided ambient
$iluwmingtion. The sxperimenter’s appavatus was placed in zn adjoining
room and was connscted to the subject’s by a single cable. Approximately
70 4B of board-band noise were used in the experimental room to mask the
sound of the programming unit and to isolate the subject from other
extranecus sounds.

During the session, each subject recsived a standard set of instruce
tions for either the 3P- or the DR-COTRAN task, then seived 27 probliems.



The session was usually sbout 2-hr., duration for the subjects in group
I-3P, smd l-hp. duration for those in group I-DR. Subjects were instruc~
ted to solve the COTRAN problems as quickiy as possibie, but to keep
errors at o minimwm. Each problem {and phases I and II of each 3P-COTRAN
probliem} was separated from the subsequsnt problem by a 30-sec. "gresn
3ight’ interval or "no rssponse" delay. The data wecorded wers the res-
ponse times, eyrors, and total vespomses for each DR-COTRAN problem and
for the phase-III portion of each 3P-COTRAN problem.

Results and Dizcussion

Ten additional measures were computed from the recorded basic data,
so that a total of 13 measurss was used as shown in Table 1. These
measurss wers intevcorrelated and factor analyzed (separately for the
two versions of the task} by use of the principle-axis method with the
highest ofi-diagonal corvelation as the estimate of communality. Three
factors were extracted from sach set of data, and these factors were
then rotated according ¢o the Varimax criterion.

Initial comparisons of the factor structures suggested that the
Varimat votations produced differential structures for the two versions
of the task. The factors were further wotated (by hand) to correspond
visuelly as clesely as possibls; the resultant factor loadings are shown
in Teble Z. The coefficients >f correlations between the cdérresponding
facoors obtained with the twoe versions of the COTRAN task were +.790,
#,872, end +.928 for Factors ), II, amd III, vespectively (P « .01, df =
11 in each case). It can be comciuded that the factor structurss of the
wo versions ave essentiszily ldentical, so the identification of the
factors epply squally well to either set of data.

Factor I is chevzcterized by the high negative loadings of six
megsures {numbers 1, 2, 3, 4, 6, and 13} and the high positive loading
of one messure {mumber 9}. It is obwiously a general problem-solving
for 3P-COTRAN phase-III} facteor. Long response times {measure numbey 1),
high ervors [numbex 2}, and large numbers of responses (mumber 3} pro-
duce low scores on this factor, as do also large numbers of errvors per
unit rvesponse tims (messure mumber 4}, o per unit response event {number
6}, ov high souivocation rates whlls responding {number 13), or high
mubers of total vesponses per problsa (numbsy §). For subsequent
analyses, wmeasures number 1, 2, and % will be taken %o wepresent this
factor most clsarly.

Factor II is cheractesvized b the high negative loadings of two
measurss {numbsrs 1 and 11} and the high positive loadings of two other
measures imumbers $ and 7); ail foor ave time-based or time-velated
measurss. This factor is identified as speed in probiem soiving; it
corresponds essentially to factor IV {time in problem solving) as identi-
fisd in previcus studies of the ZP-UUTRAN task {(Alluisi & Coates, 1967,
p. 18; Aliuisi & Morgan, 1568, p. 17}. A high muwber of responses per
unit yesponse time (measure numbew i}, or a low total response time per
unit problem {number 7} would produe high szores on this factor, and
these measures {(mumbers § znd 7% will be taken in subsequent analyses
to vepresent factor II.




Table i

identification gnd Definition of the Thirtesn
Measures of COTRAN Performance Employed

Measure , sigebrsic
Number Idemtification Definition®

1, Total respomse £IM8. . » + « » o o« ¢ o v & o s 5 & o {TTE&
Z. Total LTDTS « o » o 5 o 5 o 4 8 v 6 & © o o 8 o & o {E}b

3. Tobal FESPONSES. - o s 2 o o o o s o o o o o o 2 2 o LLR}

4., Ratio of total errors to total vesponse time . . . . (B/TT)
5. Ratio of total ressponses %c total respomse time. . . {(TR/TT}
6. Ratioc of total errors fto total responses . . . . . . (B/TR}
7. Reciprocal of total vesponse Time., . « o o o = o o » L{L/TT)
8. Reciprocal of total SPTOTS » o o o o o o » o » » » o LL/B}
9. Reciprocel of total 7esSPONS8S. o o ¢ o 5 o o « o « » LAFTR}
10. Ratio of total vesponze time to tobtal eyxrors . . . . {(IT/E)
11. Ratic of total vsspomse time to total yesponses. . . {TT/TR)
i2. Ratio of total responses to toLal 2¥TOTS o « o o « o LIR/E)

13. FEgulivocation rate while vesponding . . . o o o o » » (L,38138TR/TT)~
{5/77}

“Abbrevietions employed are as follows: E for eyzors oy xesets, TT for
total time, and TR for total respomses.

Sidentcical to 3IP-COTRAN messurs # 7 fAlluisi & Morgan, 1968, Table i,
p. 14}.

hié@ﬁti@&i to 3P-COTRAN measure #5 {Alluvisi § Morgan, 1968, Table 1,
p. 143,



Tebie 2

wes on Three Pactors Extracted

A, .
" of Thivtesn Measw
and IP-00TREN? Performances

Deta of DR-COTRAN ¢

X facton

Nusgber i Iz i1y
3 { 4% {«67} z2 {12}
g : f 0L { TF) 24 {~10}
3 agi’imgé}ﬂ ¢l { 033 33 {~08)
4 -58 {~82) 02 { 493 55 {-07}
& 2z {873 95 ¢ 71a% =07 {~00}
& 73 {=90} ~GF ¢ 143 56 ¢ 14}
7 %5 1 49 85 { 743 «28 {~15)
& «19 {-163 3G (103 95 { 953®
g 72 { 943 05 (-093 -85 {23}
0 -8 (<18} ~16 {-31} 87 { 89)
11 38 { B4 ~88 (-8} 07 ¢ 02)
iz ~3% {473 <G8 (-07) 93 ¢ 853%
1% ~5F {81 0% f 44} 68 ¢ G4}

* Mpasuvres used in subsequent smazlvses o represent the factors,

?ﬂd g?«, anﬁ it is identified 2s
spU onds essentizily to factor XIX

@d in previous studies of the 3P
967 . 12; Alluisi § Mowgan, 1968, p.
Bor u@uiﬁ @g aﬁdggeatca W%a@ & low numbew

‘»‘23}-@”‘» ycﬁi'}“‘gf’ in Prx

ent factors I and XIIY
”Lars EI% and IV, support
grformence on the DR-COTRAN

the Qﬁwﬁa&“}“ﬂ ‘h
o

task iz @%ﬁ@naﬁaaﬁv %" wh of p ¥ZI in the IP-COTRAN task.
A%z lesst on this basisz it appears veossonsble to consider the use of
either task as equivalent to the use of the other.



Hxperiment {1

This sscond study was designed to measuve the velative sensitivities
of the 3P- and DR-COTRAN tasks to practice effscts and to the sffects of
infectious disease. The pevformances of subjects were measured prior to,
during, and subsequent o illnsss with Sandfly fever [see Coates et al.,
1969, especiaily Appendixz E) in a cooperative study conducted at The
U. So Aymy Msdiczl Research Institute of Infectious Diseases {USAMRIID),
Fort Detvick, Fredewick, Maxyland,

§@£ﬁ@é

The five subjects in esach of four crews or subgroups (Able and Bakewr
crews of the BEID-4 and BEID-S groups; of. Coates et gl., 1965) compieted
sither nine 3P-LOTRAN probiems or 18 DR-COTRAN problems on each of 15
successive days. Prior to testing on the seventh day, the four experi-
mental subjects in each crew were infected {Phlsbotomus papatasi--a self.-
limiting, febrile, viral dissase}; the £fifth subject in sach crew was s
double~-bliind control. Testing continued during incubation {days 7-9),
iliness f{days 10-12}, and rscovery from the iliness {days EB«RS} Half
of the subjects {the Baker crews} were tested during the morning hours
{0S00-1130}, wheress the other haif {the sble crews] were tested during
the afternoon {1300 to 1530 hﬁUfa} lizi€ of the DR-COTRAN testing was
in the morning (BEID-4} and half in e axmeyncmn {BEID-53; £1?ew13e5
half of the 3P-COTRAN testing was z@ the morning (BEID-5} and half in
the aftesnoon (BEID-4). The data of the four crews or ¢ subgroups were
combined: group “TI-DR consists of the ten subjects feight experimentals
and two contvols), each of whom compioted the 18 DR-LOTRAN problems pey
day, and group II-3P consists of the ten subjects who completed the nine
3P-COTRAN problems daily.

Apparatus.--The apparatus was identical to that employed in Bxperiment
I s previgusly described,

“&%ﬁﬁ@ﬁsoweﬁil twenty of the yolunteer subjests wers Army enlisted
men assigned for duty a#t the Walter Reed Avmy Medical Center. The ten
in BEID-4 ranged in age from Z1 to 26, with a median of 23.5 yesrs; the
gge vange in BEID-5 was from 21 t¢ 24, with 2 wedian of 23.0 yeaws. The
division of the subjects intc the fivemman crews was random.

Pyocedure.~-The expsriment was conducted in twe adjacent rooms
{epproximateiy 7-by-12 £i.} of 2 hospital ward at the USAMRIID, Fort
Detrick. The subject and his epvaratus cccupied cne room in whlch an
overhsad Florssecent light fixture provided ambient illumination; the
sxperimenter’s apparatus was &7 the sdjcining voom. Approximately 70
dB of brosd-band nolse were usad in the subject’s room to isclate it
feom extranecus sounds. As saown in Figure 4, the subject faced the
apperatus 2s he occupied 2 bud in & semi-ssated position during the
sxperimental sessions.

Fond
(28]



Figure 4.--Schematic representation of subject in the sewi-seated
Bed position sccupled during 3P-COTRAN and DR-COTRAN
{shown) teosting in Experimsnt I1.

Bach subject experisnced & training session on the day prior to the
beginning of his 15-day pericd of testing. During this session ths sub-
ject was instructed as to how to solve the problems of the type to which
he and his cyew or subgroup hed been assigned; thess instructions have
been reproduced exactly slsewhers {(for 3P-COTRAN in Mprgan, 1968; for
BR-COTREN in Dempsey, 18689). Also, the subject was vequired to solve
from thrss te five practice problems durding this training session. In
other regards, the procedure was esssemtially identical %o that of
Experiment I,

Results and Discussion

The data, consisting of the thirteen measuves previcusly identified
and defined in Table 1 {p. 11}, were analyzed in two ways to permit infer-
gnces with regard to both illness snd practice sffecis.

Illness effects.--Because of the small and unequal numbers of experi-
mental and comtyol subjects in sach crew or subgroup {four and one, ves-
pectively), indivect statistical tests weve employed to determine whether
the iliness produced measurable effects in the psrformances of either




version of ¢the COTRAN task. Specificalily, it was reasoned that were

the iliness to have produced z decrsment in the performances of the fowr
experimental subjects in each crew over the days of illness {sessions 10-
12} with sssentially no chenge in the perfurmance of the contrel subject
sver the same sessions, then the varisbility of the performences among
the five subjects in the crew should be inmcreased during sessioms 10, 11,
and 12,

Root mean squayes weyve computed--one for each of the thirtesn meas-
ures on sach of the fiftesn testing sessions of each of thse four crewge-
and thess were then tested fovr statistically significant effects with azn
enalysis of vaviance. For sach of the thirteen measures, the vesults
of the analysis of variance indicated that {1} DR-COTRAN performances
were significently {and substantially) less vaviable than 3P-COTRAN per-
formances, and (2} in no case was there a slgnificant increase in vari-
ability during the pesriod of illness {sessions 10-12) welative to the
prg- oF post-illness periods.

Thus, the date indicate that the DR-COTRAN task is more reliable
than the 3P-COTRAN task as employed in this study {18 DR- or 9 3ZP-COTRAN
problems during 2 20 to 30 min. session), but neither task is sufficiently
sensitive vhen used slone to measure decvements in performance during the
pericd of 2 subject’s iliness with g febrile disease such as Sandfly
fever.

Practice effectis.--Since no difference waz found betwesn experimental
and contwol subjects during the pexiod of iliness, the data of the two
weve combined in these subsequent asnalyses. In addition to testing (a)
for differences in porformances acru3ss the 15 sessicns, these analyses
sise tested (b} for differences in the performerce levels obtained with
the twe versions of the COTRAN task, and {g) for any interaction of the
sassions and task variables,

Of course, performance could differ across ses:ions as & result of
the additional practice, or because of the illness and recovery of the
experimental subjects, and the analyses had to be des'gned so as to
isplate the different possible effects insofar as possible. The use of
certain orthogonal comperizons permitted such isclaticy as described
below.

& sepavate analysis of varisnce was computed for each of the thirteen
meesures of COTRAN performance. Whenever a statistically significant
session~-by-task intsraction was found, the data were furtier analvzed
to test for differences swong the sessions sepavately for sach task.

Then, vhersver ststistically significant session effects wive found,
the data weve still further amalyzed with the following ovthogonal
conpari sons

is



Comparisen Sessiong
No, Compared €

i-6 wg, 7-15 i
1% v, 4-5 i
7-12 vs. 13-1% 1
V-2 ys, 10~12 )3
Residual Session i
Comparisons

&rt i Gy BN B

Statistically significant wesults for compavisen I could reprssent
the effects of both practice end illness since the test comparss ths
averags performances over the first six sessions with those obtained
over the last nine sessions, the latter's including the period of ili-
ness {sessicns 10-123. On the othsy hand, significance for comparison
2 could result only from the effects of saviy practice-~the fivst as
compaved with the second three sessions of COVRAN performances--and
significance for comparisons % and 4 would wost likely wepresent the
effects of iliness. Thus, the pattern of vesuits obtained with these
comparisons should prove helpful in seeking to understand the likely
sourcss or causes of the more general "'sessions" effects that weve
found to be statistically significamt.

The vesults of the first {overalil} znalyses of variance indicated
that the differences between the tesks were significant with twelve of
the thirteen measurss of COTRAN psrfoimance, mmd in sach case LR-COTRAN
performance was better than 3P-COTRAN {measure 8 did not yisld signifi-
canee: F o= 80,90; 655.06; 91.36; 102.72; 1041.16; 53.78; 1358.38; 9.17;
3128,11; 5.78; 1017.95: 44.71; 33.02; for measures 1-13, vespectively:
df = 17240, P<.05 in each significani case). The differences among ihe
fifteen sessions were significant in every case (F = 6.73; 25.61; 6.11;
8.i8: 8.01; 2.67; 13.18; 35.18; 7.79; 4.50; 18.95; 6.68; 2.7C; for msas~
ures 1-13, respectively; df = 14/240, P<.01 in each csse). The tasks<by-
sessions interaction was significant with all except two of the measures
{measures 7 and 8; ¥ = 5,15; 11.84; 5.07; 5.63; 2.08; 2.74; 1.67; 1.29;
£,1%; 2.09; 4,75; 2.96; 2.63; for measures 1-13, vespsctively: af = 14/240,
P<,08 for esach significant case}.

The statistically significant interections obtained with the sleven
measures were furthey snalyzed sepavately fuy each version of the COTRAN
task by computation of the previously described orthogonal comparisons.

& summayy of the resulits of these snalyses for the 3P-COTRAN task is
presented in Teble 3; the corvesponding summary for the DR-COTRAN task

iz given in Teble 4. In exewining the date of Tables 3 and 4, it should
he remembered thet the first thres measuves represent the general problem-
selving factor, measures 5 and 7 vepressnt the factor of speed in problem-
solving, and measurss 8 snd 12 wepresent the factor of gccuracy in problism
solving {cf. results of Bxperximent I, pp. 10-12},

A comparison of the two tables suggests that the IP-LOTRAN task was
somewhat more sensitive than the DR-COTRAN task to practice effects; the
over-all "sessions” effecis were statistically significaent with eleven
measurss in the case of IP-COTRAN, but only five measures with DR-COTRANM.



Table 2

Summary# of Anslyses of Variance, With
Crthogonal Comparisons, of IP-COTRAN Performances

Source of Varviation

M@&ﬁi‘éﬁ?@ Overall drthogomal Lomparison. Mumber ... Within Cells
Mumber Sessions il 2 3 & Residual {Mean Squarsl)
{df=lqy {df=17 {dfeml) {df=l] {df=1} {df=10} {df=120)

i i9.53%%%  140.20%%% 85.93%%%% 0.28 0.0% 4.67%%%  8709.63
Z E.7i#ew 45 . 61%es  Z7.78%%¢ (.05 0.06 o 333.45
3 6.13%%% 5L 35%%%  26,55%%% §.03 0.1 oo 1057.05
4 2.897%%%  Z7.86%%® G B4%¥* $.00 0.25 %.66%%® 0.11
5 2.54%% 14,34%%% 2,18 2.20 2,69 1.68 0.37
6 T.34%%%  §7.06%%% 2V .97%%% .00 0.i4 1.16 C.39
8 7.50%*% @B BYwwE  Z5.26%%® 92,01 0.i6 1.1¢ 0.05
i0 4,7guwa 27 . 22%6%  327.27%%% (.08 0.00 1.74 2895.48

i1 1z2.33%%%  JF.2i%%v 38.08%%%* 1,25 §.0% 5,01%ew 85.28
iz 4. 3g%ew  Z2.80@%%% L5.13%%% 0,14  0.06 1.29 f0.35
i3 S (g% 30.39%%%  §.38%* 0,02 0.53 o 0.74

# Data ave P-ratios {or Mean Sgusres); no anzivsis was computed in
cases of measures #7 and #8 singe the original amalysis of variasnce
had net resulted in statistically significant tasks-by-sessions
interactions with these measures.

# Sss text, p. 16, for evplanastion znd interpretation of the comparisons.
#EP <. 0L, *¥FP <001

Ewean Squares muitiplied by 100



Tablie 4

Summary# of Analyses of Variance, With
Crthogonal Compavisons, of DR-COTRAN Performances

Source of Variation
Measure Overzll Orthogonal Comparison Numbew # Within Cells,
Number Sessions i 2 3 4 Residual {Mean Squars®)
{df=14Y {af-13 {gf-11 {df-1) {dF-13 {df=103% {dF=1207

i 9,22%%% 57 .66%%* 30.85v%* 0.69 1.85 5.80%%%  7§65,85

2 1,18 - e S — - 89.99
3 1.54 - — wom e - 457.29
4 0.32 — o e e —_— 0.13
5 6.00%u% 58, 77%%% 13 %4%xe 1,02 1.96 1.12 20.53
6 1.05 ——— - N — - 0.%5
9 1.89¢ 9.33% .66 0.38 2,05  14.10%%® 0.06

10 5.45e0  22,78%%%  9.56%% 0,32 1,81 4.18%%%  1584.16
11 8.88%%% 2, 7i%%¢  27,00%%% 0,49 1,49 3.26%%% 136,72
12 1.47 - - m— e - 407.7

15 3052 hadenind hadbd ] = s o e emas 1 3@8

# Data are F-ratios (or Mean Squaves); no analy'is was computed in
cases of measures #7 and #8 sincs the original wnalysis of variance
had not resulted in statistically significant tiks-by-session:
interactions with these measuves.

# Ses text, p. 16, for explanation and fnterpretation f the comparisons.,

* P o<, 05, % P <, 0L, ¥¥% P <,001

lMean Squares multiplied by 1000

i8



Bince the resuits wers statistically significant with at least one meas-
we from each of the thres performance faciors, ever in the case of DR-
COTRAN, it is concluded that the descriptive factors are equally semsitive,
2t least to the effect of practice or continued performance over 15
sessions.

The results of the orthogonal comparisons presented in Tebles 3 and
4 indicate that where statistically significant session effects were
found they resulted from practice effects rather tham from the subject’s
illness. Comparisons I and 2 were statistically significant in all ewcept
two such cases (measures 5 in Table 3, and © in Tabls 4}, whevrsas compavi-
sons 5 and 4 failed to yield any significant resuits. This is further
confirmation of the sarlier conclusion that the experimental subjects
did not differ from the controls in their levels of performance during
the pericd of illness.

The general pattern of wesults gnd conclusions regarding the effects
of iliness and practice was essentially identical for the two versions of
the COTRAN task, and it is obviously reasonable to continue to investigats
the conditions under which eithey the 3P-COTRAN or the DR-COTRAN task
might be emploved as the test of choice.

It was concluded earlier that neither task is sufficiently sensitive
when used slone to measure decyements in COTRAN performance during a
subject’s illness with a febrile disezse such as Sandfly fever (emphasis
added). Decvements in work behavior--in the multiple-task performances
of these same subjects--wers msasured during the same pericd of illness
reporied heve (of. Coates et al., 1969). However, each subject pexrformed
the COTRAN task alome and For only 20 to 30 min. per day in the present
study, vhereas they were called upon to perform the multiple tasks in
the sustained performance tests for two 4-hr. peviods on ezch day. Thus,
the 3P- oy DR-COTRAN "test" situations apparently failed to produce the
kind of sensitivity that is found in work-behavior situations and that
is necessary for measuring the effects of stresses such as fatigue, sleep
loss, and illness. This is consistent with the observation that test
and work situations “sppear to be differentisliy sensitive to temporal
infiuences and stvessful conditions" (Alluisi, 1969, p. 22). Under ap-
propriate conditions, for example when included as one of the tasks in a
mitiplie-task performance [MIP) battewy, either 3P- or DR-COTRAN might be
of optimum sensitivity. The two tasks do differ, not enly in that one
has thyse phases and the other only one phase {egquivaient to the thixd
phase of ZP-COTRAN}, but also in 3P-COTRAN's being more difficulit and
shewing effects of practice over e longer pericd and with move measures
of performence, or in DR-COTRAN's being easier and more sasily learned.

Hyperiment IIY

Although the vesulits of the two previous experiments indicate that
the two versions of the COTRAN task differ in cextain ways {especially
ways related to difficulty, ease of lsavning, and levels of performance
attained}, the studies did not suggest any essential difference betwsen
the two wvewsions of the task. It seems zppropriate, therefore, to
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investigate fuvther the charasteristiss of the DR-COTRAN task by using it in
a partial wepliication of & previous study of the 3P-COTRAN task {Alluisi
& Morgan, 1968},

This thizd expsriment im the present series was conducied in order
to messure ths accuisition of skill on the DR-COTRAN task and ths in-
fiuence of practice on the nonverbal mediational aspects of intelliectual
Bunctioning measursed with the task. Specifically, this study was de-
signed to answer two maijor and one minoy questions as follows:

o What is the factorisl structure of DR-COTRAN performance,
and how does the structure change {if 2t all) duxing the
acquisition of skill om this task?

¢ What sre the effects of practice on nonverbal mediation
gg messured with the DR-COTRAN task?

¢ {The minoy question.} Is transformation complexity a
significant vawiable during the ascquisition of skill on
the DR-COTRAN tasks?

In addition, since these questlions ave similar to those investigated
previcusly with respect to the 3P-COTRAN task (Alluisi & Mowgam, 1968},
it is expected that comparisons of ths results of the two studies wiil
provide further information regarding the use of the DR-COTRAN version
as an alterngtive %o the 3P-COTRAMN version of the task.

Method

Bach of 20 subjscts was tested individually during four sessions, in
gach of which he completed 27 DR-COTRAN problems. The 27 problems in
each session were divided into nine blocks of three problems each, and
each block consisted of one thyss-, four-, and five-element transformation
to permit weasurement of any effects attributable to transformation
complexity. The transformation complexities were counterbalanced across
the block of trials, of course, to contyol for any possible order effects.

Aﬁgaﬁa&uswwaThe apparatus was identical to that of DR-COTRAN smployed
in Expeyiment I as previcusly dsscribed.

ggggemﬁsamm?he subjects were 20 uwndewvgraduats male students at the
University of Louisville. They were volunteers cbiained by written request
from the Naval and Adz Fores ROTC units, and they were paid for their
participation in the experiment. The subjscis ranged in age from 18 to
25, with a2 median of 20 yesrs,

Procedurs .~-Bxcept as noted below, the procedure was essentlaily
identical to that of the DR-COTRAN performances of axperrment £. Adjacent
subject and experimenter rooms wers again used, but in the present case
the subject®s voom was sm acoustically treated booth of &-by-7.5 ft.
dimensions.
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The four sessions for each subject wers presented on two succsssivs
days, two sessions per day sepavated by gz S-min. vest interval. During
his first session, sach subject was Instructed vegarding the nature of
the task and the performance required of him {cf. Dempssy, 1968, Appendix
Aj. He then solved the 27 problems assigned to that session, and after
the 5-min. vest inferval, the second session began and the subject was
required to complste the second set of Z7 DR-COTRAN problems. The imitial
session was typically of sbout 3B-min. duration; subsequent sessions lasted
between 1% and 25 min.

Results and Discussion

A separate set of smelyses was computed for sach of the three ques-
tions previously listed. The first set consisted of 52 factor analyses--
one for sach of the thirteen measures of performance in each of the four
porformance sessions. The second set of enazlyses was directed at the
identification of any evidenced practice effects gssociated with the
acquisition of skill in solving DR-COTRAN problems; this set consisted
of seven smalyses of variance--one for each of the seven measures of DR-
COTRAN performance sslected to vepresent the thrse problem-solving factors
measured by the task. The third, and final, set of anzlyses was designed
o messure the effects {if any) of transformation complexity at various
levels of practice ov skill acquisition; this set consisted of 28 analyses
of varianecs--one for each of the seven msasures of performance in each of
the four performance sessions. The thirteen measures of DR-COTRAN perfor~
mance were those previocusly identified and defined in Table 1 (p. 1i}. The
three sets of anslysss ave presented snd discussed sepavately below.

Pactor snalyses.--An IBM-1130 statisticel sysitem program was employed
in the computstion of the factor analyses {principle-axis method with the
highest off-diagonsl corvelation as the estimate of communality}, and in
the rotation of the extracted factors according to the Varimax criterion.
The loadings of the thirisen measuves on sach of the three extracted and
rotated factors are given in Table & for each of the four sessions. The
percentages of total variance accounted for by each of the three factors
ars given in Table & for each of the four sessions.

The data of Tebie 5 indicate that the three fazctors were essentially
idemtical over the four sessions. The coefficients of covvelation obtained
for esach of the three factors betwesn the loadings of the six different
pairings of the four sessions (18 ceefficients in 211} vanged between
4,976 and +.998 {df = 11, P <«.001 in each case). It is concluded that there
is no evidence @f any vhange in factor structure oveyr the four sessions.

This eomeclusion is further supported by the wesulis of an additional
correlational asnslysis. In this ecass, the coefficients of correlation
obtained for each of the three factors beiween the loadings of DR-COTRAN
in Experiment I {see Table 2, p. 12} and the four sessions here {Table 5}
renged between ¢.954 and +.596 {df = 11, P < .001 in each case of the 12
gases}. Thus, the three factors can be identified as identical to those
of Experiment I {cf. pp. 8-12); namely, Factor I represents general
problem solvieg, Factor IT1 speed in problemw solving, snd Factor III

21



*SX03983 ey3 juesexdsx 03

sesiivue juonbssqns U DOSn SoINSESH

POIITHS STBWEDSG #

69 ¥9 zL 8% 9g- 0¢I~ G0~ &0~ 29~ 24~ 0%- &4~ {YIIfIisY
56 06 €5 88 60~ ZI- Ii~ Zi»  0Z~ OF- v~ b  o{IyEiel
¥ 20 S0 %G L&~ 86~ 96~ 6~ €I~ I0~ LI~ SO~ €I1)1T
i§ 88 LB ¥8 §T= LI~ iz~ iz~ [g~ G- 8E~ &%~ {z13)o%
29~ €9~ §9- 83 £T ST 91 9% L WL 2L 9L - {18
96 26 S5 16 66~ 11~ 1i~ 0%~ 12- 98- 92~ L%~ «{I11)8
8z~ §Z- S§&- ¥I- 88 06 £B 0§ 62 8z 78 i2 ${ZI}4
i oy wp 6% y1~  ¥I- Iz~ LI~ 48~ &8~ Ig8- 88~ {x)s
Z0- 20~ £0~ €0~ 66 96 € 8 . S0 IG SG_ ©0 ={I)3
8y Iv LS S¥ 0t~ 01~ TI~ 90~ B4~ 68~ S4-  ¥3- {(Zv
S8 o%¥ S¥ ¥ yi- SI~ LI~ 81~ 06~ §8- %8~ Gi- +{I)%
yi 22 Sz sz Si~ €I~ Q- §I~ L6~ §6~ 6~ 26~ w{3}2
BT 2§ ST V2 £6- 0L~ 95~ §9* L~ 8§~ Zi- Z5- B{¥I3MI
y g FA I ¥ g 4 T v € Z T {xo39Bg &
UDLssag uOTSEe8 UNLe 58y o SGUEEN
13% II I eInswey
103084

yoey SWOTQORd g O SUOTSSeg WOTATSTNLOY-IITYS

In0g ASAS SI030BY SUTATOS-WEIGOIg O8Iy uC
QOUBMICIESS NVNIOD-UI IO Soxnsesy uUsselIyul Io mwm@wm@c&

§ eiq8lL



Table &

Percentages of Total VYariance Explained by Each of Three Problem-Solving
Factors Over Four Skill-Acquisition Sessions of 27 DR-COTRAN Probiems Each

Factor Session
i 2 K1 4
z 69.5%% 72.44% 70.00% 67.90%
i 21.44 19,10 231,79 20.43%
1i3 7.310 8.06 7.93 11.70
Total 98.53% 8% . 60% 99.72% 09,20%

aceuracy in problem solving. The seven measures previously selected
to vepresent the thres factors {(in Experiment I} are identified with asterisks
in Table 5. These messures are employed in the subsequent analyse:s.

Practice effects.--The effects of practice (four sessions of 27 wrob-
iems sach) on DR-COTRAN performances wers assessed with single-factor
analyses of variance computed with the data of each of the seven measurcs,
Statistically significant betwesn-sessions effects were indicated for the
date of measures 1 (Factors I § II; Figure 3}, § and 7 {Factor II; Figuwe
6}, end weasure 1Z {Foctor III; Figure 7}; the F ratios were 74.52, 146,74
147.98, and 3.34, respsctively {(df = 3/37, P < 001 in the first three cases,
and P < .05 for measure 12). Each dats point in Figures 5 through 7 is an
arithmetic mean of the performances of the 20 subjects each of whom com-
pleted 27 problems, and, therefore, sach is based on a total of 540 DR-COTRAR
solutions.

in order <o pexmit identification of the sessions beyond which ne
further gains in psrformance took place with practice, Newman-Keuls anaiyses
were computed with the data of the four significant measures shown in
Figuwres 5 through 7,

In Figure 5, total response time appears to be a negatively azccelerated
decrsasing function of practice. The Newman-Keuls znalysis indicated that
there wevrs statistically significant geins in performance To session 3, but
no significent chenges in total response time bsvond session Z. The twe

53
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Pigure 5.~-Mean total response time {(IT, measure number 1} as a
function of practice over Four sessions of 27 DR-
COTRAN problems each. This measure represents
factors I and 11, the general aznd speed factors.

measures that represent Factor II, the speed in problem-sclving factor
{Figure 6), asppear %o show fairly linear incresses in speed with practice,
and the Newmen-Keuls analyses of these measures indicated that there wers
statistically significant gains in pevformences with both measures through
all four sessions. Finally, the ratio of responses to errvors {(measure 12,
Pigure 7) showed increased accuvacy in problem solving between sessions 1
and 2, then a drop to session 3, which the Newman-Keuls snalysis showed
not to be different from session 4.

In genersl, the vesults of Newman-Keuls snalyses computed with all
seven measures suggest that as measured with the five general and accuracy
scores {measures i, 2, 3, 5, and 7, vepresenting Factors I and 1I) DR~COTRAN
performance reached asymptotic levels during or prior to session 3 {problem
solutions mumber 55 through 81). Performence as measuved with the two
speed scores (measurss § and 12, representing Factor III} did not reach
an asymptotic level within the limits of practice provided in this study
{108 problems].
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Pigure 6.--Mean ratio of total responses to total response
time (IR/IT, measure numbsr 5) and mean reciprocal
of totael vespomse time (1/TT, measurs nuwbsr 7) as
functions of practice over four sessions of 27
DR~{OTRAN problems each. Thess measures wepresent
factor LI, spesd in problem sclving.
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Figure V.--Mean ratio of total responses ito total erwxors (TR/E,
measure number 12} as a2 function of practice over four
sessiong of 27 DR-COTRAN problems each. This measuve
represents factor IIY, accuracy in problem solving.

Effects of transformstion complexity.--An analysis of varisnce was
computed with the data of each of ths seven measuves for each of the four
sessions in order to permit an assessment of the effects of transformation
complexity on DR-COTRAN performance at the different levels of skilil
acquisition. The results of these analyses are presentsd for sessions 1
through 4 in Tables 7 through 10, wespectively.

Trensformation complexity produced statistically significant effects
in the cases of {a) mwsasure 1 during sessioms 2, 3, and 4, and (b} meas-
ures 5 and 7 during each of the four sessions. It may be recalled that
measure I is loaded om Pactors I and II, while measuves S5 and 7 represent
solely Factor II, the speed in problem-solving factor. The data of these
megsures ars given in Figures & and 9.
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Table 7

Summary of Analyses of Variance of Ssven
DR-COTRAN Measures:

Dats of Session 1.

Source of Variation (end df)

Measure . ~
Transformation .
Mumbex Complexities {2} Subjects {19} Residual {38}
Mean Mean Mean
{and Factor) Square E Square g Square
i {zgzzgg 1.0060 o 15,2167 2.6161%% 5.8166
2 {£3 $.9500 —— 2.1851 weneo 2.9851
5 (%) 17.2500 e 17.2434 s 24,8125
5 {IE}E §.0767 12.5108%%% 31,7625  24.2180%®*  (0.4857
7 {IE}Z 1.7319  5.3214%% 4,358%  1%.38ie%%®  (Q,3255
& (Ii1) 0.8350  1.822% 0.8784 1,9172% 0.4582
1z (1113 67.7532 2.0063 51,4716 1.5242 3%.7699

*P «,05, **P <01, ***P <.001

i

Msan squares multiplied by 10

£M@an squares multiplied by 100

SMean gquares divided by 100
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Table 8

Sumpary of Analyses of Variance of Seven

DR-COTRAN Measures:

Dats of Session 2

Source of Variation (and 4f)

Measurse — B
Transformation
Mumbey Complexities {2} Subjects {19) Residual (383
' Magn Mean Mean
{and Pactor) Squars E Square B Sguare
1 €I, Ind 7.28316  4.6126% 17.43195  11.0956%%% 1 .5700
2 {13 1.080C o 7.9254 2,0832% 5.8044
3 {1y $5.8125 e 38.7039 1.5438 24,9934
5 {5131 13,9954 44.7116%%% 16,8328  S3.7767%%%  (0.3130
7 {XE}Z 5.7236 20.1667%%%  5.9969  24.6531%%*% {(,7B38
8 {IiI} 0.3050 oo 0.7245 1.0892 0.6651
12 {1113 25.6646 i on 55.4052 1.0624 52.1502

*P <,05, P <,001

Mean squarss multiplised by 10

ZMean squares multiplied by 100

EMean squares divided by 100

28



Table ©

Summary of Analyses of Variancs of Seven

DR-COTRAN Measures

s
o

Doata of Session 3

Source of Variation {and 4f}

Measure o
Transformation
MNumber Complexities {23 Subjects {19) Residuzl (38)
Mearn Mean Mean
{and Factor) Squars E Square E Square
i (331235 8.1388 5.1980%%%  §,1464 6. 9464%%% 0.8848
2 {1} 4.11687 2.3303 2.1500 1.217% 1.7652
3 (% 15,6863  1.5252 15,0263 1.463% 10.2648
5 {1E}2 28,3655 41.6630%%% 18.0478  26.5084%%w 0.6808
7 {Ii}z 12.7556 26.872¢%%% 7. 2397  15.2522%%% 0.4747
8 {EEE}E (.8481 oo 5.0850 1.6633 2.0572
12 {31%%} 8.1904 s 37.7193 1.6498 22.7257
weEp < §01

vsan squares multiplied by 10
ZMean squares muitiplied by 100

Sttoan squares divided by 100

[
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Tablie 10

Summary of Analyses of Variance of Seven
Data of Session 4

DR~-COTRAN Msasures:

Source of Vaciation (and d4f}

Measuws .
Transformation
Mumber Complexities (23 Subjscts (1%} Residual {383
Mean Mean Mean
{and Pactor) Square F Square F Square
1 {EQEE}E 5.6363  3,5751* 7.6761 4,8689%%% 3 5765
2 (i3 0.8167 oo 5.6456 e 6.2377
3 {1 0,7188 e 12.0954 1.005% 18.9984
5 {EE}E 43,0310 863.7815%%% 22,3228  33.0813%%%  0.6747
7 {EEBZ 15.6206 37.9217%%*  8.5958 19.6121%%%  (0.4383
8 {I11} 06,1738 o 0.40486 1.9880* 0.2035
12 {111} 8.1938 e %0.9188 2.2499%  13.7420

P <, 05, ***P <001
YMean squares multipled by 10
ZMean squarss multipied by 100

3Méan squares divided by 100






Figurs 9.~-Mean total response time (IT, measure number 1}
for problems at three lsvels of transformation
compiexity as a fumction of practice over four
sessions of nins DR-COTRAN problems of sach
compiexity. This measure represenis factors
I and XX, the general and spesd factors.

it is zpparent from the figures that the differential eoffects of the
three levels of trensformetion complexity were gemerally greatsr during
sessions 3 gnd 4 {after praciics) than duving sessions 1 and 2 {at the
beginaing of prectice). It is not known whether these differences would
be maintained, lessened, or enlarged with further practice or with the
attainment of asymptotic levels of performance as measured with these
speed-of-yesponse scores, However, this much is clear: transformation
somplexity does represent a significant aspect of probiem difficulty
associated with the speed of performing the DR-COTRAN task.

Experimsnt IV

-

The purpose of the fourth, and final, study in the present series
was to measure the effects of cpevator loading on DR-COTRAN performancs,
and, conversely, the effects of adding the DR-COTRAN task on the perfor-
wances of different combinations of tasks from the mltiple-task performance

£
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{(MIP}) battery. As was the case with Experiment III, the present study
represents a partial replication of z previocus study of the 3P-COTRAM
task f(Alluisi & Morgsn, 1968}, and a comparison of the results of the
twe studies ave expectsd to provide further information regarding the
ugse of the DR-COTRAN verxsion as an altermative to the 3P-COTRAN wewsion
of the task.

Method

The 20 subjects who had bsen trained toc solve DR-COTRAN problems in
Bxperiment III were divided at random inte five groups of four subjects
sach., FEach group was then trained to perform in one of five diffevent
work-lcad conditions created by the use of different combinations of tasks
£rom the MIP battery {three seuvsions of 30-min. duration each). After
this, sach subject was required to solve 27 DR-COTRAN problems in sach
of three sessions during which he was also required to perform concurrent-
ly the MIP tasks of the specific work-licad condition to which his group
had been assigned and trained,

Apoaratus.-~The DR-COTRAV apparatus was identical to that employed
in Bxperiment I as previously described. In addition, the MIP battery
was employed--the operator paiel by the subjects and the necessary
programming and scoring equipsent by the experimenter.

As indicated previocusly n the introduction {pp. 1-3), six tasks
can be presented with the MIP battery. The tasks are dispiaysd on an
operatoyr panel 1ike that picrured in Figure 1 (p. 2} and shown sche-
matically in Figure 10. BSin:e 211 the tasks have been described pre-
viously, they will be identified here without repetition of the £ull
descriptions given elsewhey: {Adams § Chiles, 1960; 1961; Alluisi, 1969;
Allnisi & Chiles, 1967; Alluisi et al., 1862; 1963; 1964; 1967; Chiles
et gi., 1968},

Three tagks are used 13 measure the operstor's performance of
watchkesping, vigilance, ard attentive functions {(blinking-lights,
warning-lights, and probability monitoring). These tasks requirs the
operator to vespond to the relatively infrequent occurrence of changes
in the states of certain virual displays. In the warning-lights task
{iocated at the extreme lef. of the pansl}, the operator is vequired to
respond by turning a gresn varning light on should it go off, and a red
warning light off should it go on. Blinking-lights wonitoring (located
at the extwene right) rsguires that he zespond ¢o en axvest of alterne-
tion of the blimking of the two amber lights. The probability-monitoring
task (presented by the sour veters along the top of the pansel) is some-
what wove difficult thar the other two watchkeeping tasks. It requires
an integration over time of random fluctuations of the pointers on the
four semiclircular scales. Tne pointer settings ave normally distributed
with a mean of zevro (12:00 o'clock); the cperator is vequired to vespond
to relatively infrequent shifte in the mesn of this distribution.
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Figuve 10.-~-8chematic ﬁiagram of the front view of an MIP operator,
sanel. Letters in circles represent indicator lights,
&wmﬁmbefg B--Biue, G--Green, and R--Red: the smzllier
cireles with crossing diagonals represent push-butions.

o

b “gﬁ&iﬁ&ﬂg three tasks are used to measure memory funciions

cuwpuiations), sensory-pe ?&PPQU&m functions {target identifi-
';ﬂﬁhyai functions {code-liock solving). The code-lock
not used and will not be discussed heve.

m@ﬁ?ﬁﬁ tion (MATH} task {located along the botiom of
s horizonts disp&ay of three, 3-digit numbers, ov
?h@ TpeT aaﬁr is required to add the fipst 3-digit
gnd then to substract the third 3-digit number

5% S

ning dig
i
hrels =3

=

§ wemory aid is permitted, and the task is forced-paced
& problems per minute.

Ths cification (TID} task {located in the center of the
nanel} pess arget’ image which resembles a solid bar graph, then
gutcessively two simi@&r Teholice” am&ges feither or both of which might
ba rotated O, 80, 1 @, oy 270 deg. from the normal pesitioning of the
tapget). The opar juﬁge* whetheyr the first, the second, or neither
of the two cholos imageﬁ is the same as the previously displayed target
imwmf 17ees) £ orientation. This task iz forced-paced at a rate
G Lwe pr AT



Subjects.--The 40 subjects of Experiment I1I {cf. page 21} wexe
aivided at vandom into five groups of four subjects each.

Provedure .--Except a8 noted hewvein, the experimental conditions wewve
identical to those of Bxperiment I¥I., The appropriate elements of the
MIP battery were installed in the subject and experimentsr rooms; the
arrsngement of the DR-COTRAN spperatus and the MIP operator panel in
ths subject's room is shown in Pigure 11,

Bach subject sexved for z total of siz sessions, two on each of thrse
successive days. During the first three sessions {each of which was of
exactly %0-min. duvation), he was required to pexform the tasks of the
MI? battery which had been assigned as the work-load condition for his
group. During esch of the second thrse sessicns {approximately 30-min,
duration each}, he was rsquirved to sclve 27 DR-COTRAN problems while
concurrently performing the MIP tasks of his work-Icad condition.

Figure 1l.--Photograph of the srrengewent of the DR-COTRAN
apparatus and MIP operator panel in Bxpsyiment
I¥, The MTP cpevator pamel is located in the
center, the DR-COTRAN information pansl on the
iefrz, and the responss key and information feed-
back panel on the xight as the subject faced the
eqguipnent.
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The five work-load conditions were identical to those employed in
the previcus study of 3P-LOTRAN performance [Alluisi & Morgan, 1968};
nemely, {1} the three watchkeeping or passive tasks {warning-lights,
biinking-lights, and probability wonitoring), (2} tzrget identifications
{TEID}, {3} srithmetic computstioms (MATH}, {4} the passive tasks plus
TiD, and {5} the passive tasks pluz MATH. These combinstions of tasks
represent increases in the amount of Ycogritive processing” requived of
the subjects. Since DR-COTRAN performance, like 3P-COTRAN performance,
is largely problem-solving behavicr dependent on the nonverbal mediational
aspects of intsllectual functioning, the incyeassd time-sharing require-
wents placed on the subjects wsre supected to produce detrimental effscts
at some point{s) slong the dimension of the work-lozd conditionm.

Prioy to the beginning of the first session, each subject was familigr-
ized with the MIP task{s) a2ssigned to his group. Instructions were given
separately for each task, and the subject was permitted tc work from three
to five familigwization problewms priocr te the beginning of the sxperimental
session. A 5-min. vest interval separated the two complsted sessions
on & given day. Prior to the fourth session, the subjsct was veminded
that he was henceforth required to solve DR-COTRAN problems concurvently
with performance of the MIP tasks.,

Results and Discussion

The performance of both of DR-COTRAN task and the assigned combinations
of tasks from the MIP battery wers vecorded and have been analyzed. Im
order to assess more fully the effects of the work-load conditions on
DR-COTRAN performances, the dats of the fourth session of Experiment III
were includsd in cevtain of the analyses of the present study; these data
have besn identified herein as those of "session PT" (for "Pre-Test').

Effects of DR-COTRAN on multiple-task performances.--Performances of
the severn) LASKS From tne MIP Daitery were scored &s foilows: {a) mesm
aormaiized speed of corrsct responses to green warning lights, (b} red
warning lights, and (c) blinking lights, {4} percentage of probability-
wenitoring signals detscted, and {2) meen speed in making such detec-
tiens, (£} percentage correct of problems sttempted in the TID task gnd
{g} in the MATH task, fh) pevcentage of TID problems attempted, and (i}
percentage of MATH problems atiempted. These are measuves typically
smployed in the scoring of these tasks {cf. Alluisi, 1969; Alluisi §
Morgen, 1968; Chiles et al., 1968).

The mezn of the performances obtained in sessions 1, 2, and % was
then computed for sach measurs {and sach subject), and this score was
compared with that obtained in sach of the subsequent thrse sessions
during which the DR-COTRAN task was comcurrently performed. Several
anslyses of variance were computed--one for each of the MIP-batiery
measurss, Statisticslly significant effects cccurved only in the cases
of the two wmessures of performences with the probsbility-monitoring
task. As shown in Table 311, the differences ameng the thrse levels of
work-ivad {pvassive tasks only, passive tasks and TID, pessive tasks and
MATHY were statistically significent. Neither the sessions effects nor



Table i1

Summary of Analyses of Variance of the Two
Measures of Probability-Monitoring Performancef

Source of Accuracy Speed
Yariation Mean Msan
df Squarez F Square’ F

Work-Load
Conditions (W) 2 74,9708  5.4928% 128.6703 7.4535%
Within W {8rroxr 1) 9 13.648% e 17.2632 e
Sessions{8) 3 1.2194 oo 1.5389 e
W-by-&
Interaction & 3.5658  1.5583 Z.9545% 1.4156
Residual (Brror Z) 27 2.2884 wonwo 2.0871 e en

#The percentages of probability-monitoring signals correctly detected,
or "accuracy,' snd the mean speed In msking such detectionms.

€§_<,@5

@%@an squares divided by 160

ZMean squaves divided by 1000

the interaction of sesssions with work-load conditions was significant in
this {or any cother} analysis.

The data pertaining to these two scores of probability-monitoring
performances sre given in Pigures 12 and 13. It is appavent that the
eondition of concurvent performances of the passsive and MATH tasks ve-
sulted in poorer asccuracy (Figure 12) and speed {Figure 13} than was
obtained wmder the other two conditioms (passives alone, or passives
plus TIB). The lack of any generzl diffeventiation between the sessions
with concuxrent DR-COTRAN problems {sessions 4, 5, 6} and those without
DR-COTRAN {sessions 1, 2, 3}, along with the wesults of the analyses of
varignce cited in the preceding paragraph, lead to the conclusion that
the addition of the DR-COTRAN task to combinations of MIP-battery tasks
will not adversely affect performances on those tasks.
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Figure 12.--Msan percantags of probability wonitoring signals
corpectly detected undey three work-load conditions
orver six S0-minute sessioms. The average of
gessions 1-3 {Ffirst peint) represents performance
with MIP-battery tasks only; 27 DR-COTRAN problems
were concurvently solved during each of the
cemaining three sessions {4, 5, and 6}.

Effects of work-load on DR-COTRAN peyformences.--Performances of the
DR-COTRAN Cask wers scored with tno seven wessures selected in Experiment
I1% to vepresent the three problem-solving COTRAN factors {cf. Tabls §,
p. 22%. Then, a two-factor analysis of varisnce was computed with the
dats of each measure, One dimension of the snalysis consisted of the
four sessions of DR-COTRAN performance {sessions PT, 4, 5, and 6}, and
the other consisted of the five levels of the work-load conditions--i.e.,
ths five combinztions of MIP-bstrery tasks time-shared with DR-COTRAN
during the last threo sessions; namely, {a) the passive tasks alone, (b)
TID, {e) MATH, {4) pacsive tasks plus TID, and (e} passive tasks plus
MATH. Furthermore, whenever statistizally significant work-lovad effects
were discovered, the basic smalyses were extended with orthogonal compari-
sons as follows {df = 1 for each comparisonj:
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Flgurs 15.~-Mean sgpesd in correctly detecting probability-

monitoring signals under three work-load condi-
tions over six 30-minute sessions. The average
of sessions 1-¥% (fivst point) rspresents perfor-
mance with MiP-batisyy tasks only; 27 DR-COTRAN
problems wore congurvently solved during esch
of the veweining thres ssssions {4, 5, and 6}.

Comparison  Work-load Conditions Gensyal Meaning of the Specific
Numbeyr Compayed Comparison
i {2} vs. f(b,c,d,8} Passives alone ws. active tasks
and passives with actives
2 {b,4) vs. {g,e} TIiD vs. MATH
3 b)Y ws. {4} TIU: alone vs. with passives
4 (oY ws, (a3} MATH: =lone vs. with passives



Wherever statistically significant sessions effects were discovered, the
basic analysss were exiended with additional orthogonal comparisons as
follows (df = 1 for each comparison):

C@mparissﬂ Sessions General Meaning of the Specific
Number Compared Comparison
5 {PT) ws., {4,5,6} DR-COTRAN alone vs. time-shared
& {4} vs. (5,6}  First vs. subsequent time-shared
sessions
7 {5} vs. (&) Penultimate vs. final time-

shared sessions

Pinally, all significant interactions were further analyzed with the
appropriate orthogonal comparisons for the between-sessions effects at
each level of the work-load comnditions.

The analvses of variance indicated that statistically significant
effects were obtained only with measures number 1 (TT, Factors I § Ii;
Figure 14}, number 5 {TR/TT, Factor II; Figure 15), “and numbey 7 {KITT
Factor II; Figuve 15} "The results of the analyses of these three meas-
Ures are 3ﬁmmarizeé in Table 12. The effects of the sessions variable,
and the interaction of work-loads and sessicns, were statistically signi-
ficant with sll threes measures, as were orthogonal comparisons mumbers
5 and 6. The effects of the work-load conditions, as well as orthogonal
comparisons numbers 1 and 7, were statistically significant with measures
mumber 5 and number 7, the two measures that represent Factor II, the
speed in problem-scliving factow.

The data of these thres measures arve presented im Figures 14 and 15,
A summary of the orthogonal comparisons of the effects of the sessions
taken for each of the five work-load conditions is given in Table 13.
These comparisons ave, of course, more detailed than the geneval compari-
sons of the over-all analyses that were given in Table 12; in conjunction
with the dats presented in Figures 14 and IS5, these vesults lead to the
foillowing conclusions.

{a) Time-sharing the DR-COTRAN task with only the thres passive
tasks of the MIP battery has no immediste nor long-term effect on DR-
COTRAN psrformances. (b} Time-sharing with the TID task (either azlone
or in combinaticn with the passive tasks) produced immediate decrements
in the speed {Factor-1I) aspects of DR~COTRAN performances, with no indi-
cations of statistically significant vecovery with practice over three
sessions of 27 problems sach. Finally, {¢) time-sharing with the MATH
task {either alcne or in combination with the passive tasks} also pro-
duced immediate decrements in the speed (Facitor-Il)} aspects of DR-COTRAN
performances, but statistically significant recovery zppeared to start
nearly immediately and to continue through the thres sessions of 27
problems presented; yecovery was not complete, however, and apparently
additionsl practice would be necessary to reach an asymptotic level
either equal to or below {or, pevhaps, even above) ths pre-work-load
level.
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Summary of Analyses of Variance {and Orthogonal Comparisons) of
DR~-COTRAN Meansures Mumber 1 {(IT}, 5 {TR/TL}, and 7 (L/7T}

Source of Mopsuyrs 1 Measgure 5 Measure 7
Variation
{& Oxrthogonal af Mean Msan 5 Mean
Comparison No.) Square®  F Square ¥ Square® F
Hork-Loads (W) 4 16.2332 2.74 12.5378 4.36% 48,1180 4.09°
Comp. 13 {2} oew G- 53,4350 11.90%% 125.0681 10.38%%
{Comp. 2} £33 e s %.2744 1,09 12.7474 1.06
{Comp. 33 {1} e e 12,0087 3.98 48,4638 4.0%
{Comp. 4) (i) e oo 1.3927  ce- 6.63160 w==
Within W (Bxvor) 15 5,0178  wwm 3,0347 oo 12,0440  wwe
Sessions (S) 3 16,3530 27.935%%% 1] 5728 03.635%%% 45,6625 Y1.31%e%
{Comp. 53 £33 40.45%44 69.07%%% 28,3904 156 . 11%9%i14 TRYE 179, 27%u%
{(Comp. 6) {13 6.3838 10.931%%  5,1430 28.28%%® 17,3077 27.17%ew
{Comp. 73 {i3 2.2232  3.79 1.2477 6.31% 4,7774  7.46%%
B-by-8& iz 1.3646  2.33% 0.7318  4.02%%% 28501 4 .451iwa%
Regidual {(Bxror) 45 0.5854  «ow 5.1818 wen 0.6403 www

*P <.08, P <01, **P <,001

%Mean squares divided by 1000

b

Mean sguazes wultiplied by 100

“Mean squares multiplied by 10,000
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Piguwe 14.--Mezn total respomse time {17, measure mumber 1}
for DR-UOTRAN problems time-sharsd during sessions
4, 5, and § gt Five different work-load conditions—-
i.e., with five different combinabions of tasks
from the MIP batiery.

Gengyal Discusszion

The yesulis of Bwperiments I and I%II indicated that DR-COTRAN
performences could be adeguately vepresenied with thrse problem-solving
factors Ldemtificd as = general [Factor I3}, & speed {Pactor II), and an
secupacy {(Factor YII) factor. The second of these factors corresponds
agsentislly to Fector IV, and the thizd to Pactor V, of IZP-UOTRAN
problem solving {(cf. Alluisi § Coates, 1967; Alluisi & Morgan, 1968).
At lsast from this point of visw, DR-COTRAN appears to measure the same
nonverbal-medistiongl aspscts of intellsctusl Ffunctioning as has been
demsnstrated to be measured with the 3P-UOTRAN task.

The Verimax votations of the factorisl exiractions in Bxyperiment IIT
produced essentially identical structures scvoss the four sessions of
practice in the scguisition of DR-COTRAMN skill. Thus, like the 3P-
COTRAN task (Alluisi & Mowgan, 1968}, the nature of DR-UOTRAN pevformance
&3 pepresentsd by its faetor structure remains inveriant during the
zequisition of the problem-solving skill. This is another important
characteristic shaved by the 3P and DR versions of the COTRAN task. Also,
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Pigure 158.--Mesn ratic of total response to total vesponse
tiwe [TR/IT, measurs number 5} and mean reciprocal
of total response time (1/7T, measure number 7}
for DR-COTRAN problems time-shared during sessions
4, 5, and 6 at five differsnt work-load conditionse-
i.8., with five different cowbinations of tasks
from the WIP battewy.
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Summary of Ovthogonak Cowmparisons of Session Hffects ut Bach of Five Levels of
Work-Losd Conditions for DR=COTRAN Messuves Number 1 (TT), 5 (TR/TT), and 7 (1/TT)

Teble 13

1

Source of Measure 1 Measure § Messure 7 .
Variation o )
(§ Orthogonal [ D Meas T G Henn Haan
Comperisen MNo.) Square gg ) Squars F Square E
Work-load Conditien 1
{Wi: passive tasks only)
{Comp. 5) (1} 4.602 - 2.771 e 415 o
{Comp. 6} ) 023 o 115.497 &.847" 27.%311 4,222
(Comp. 73 {3} L3038 e 17.461 1.338 12,465 1.927
Within W1 (Error) 9 5.047 .o 13,088 e $.468 e
Work-load Condition 2
{®¥2; TID only)
(Comp. §) {1)  1138.880  36.220%%% 1028.805 26.938%9¢  423.300 31.276%w¢
{(Comp. 6) (1) 149,654 4,759 97.978 2.565 £2.332 3,367
{Comp. 7) ) 31.668 1,007 10,493 --- £.122 aw-
Within W2 (Error) 9 51,684 -o- 38,191  ~ee 13.534  e-
Work-load Condition 3
(83; MATH only)
{Cemp. 5} {13 744.539  15,085%2  1208.776 132.6290%e%  484.992 227.710%«
(Comp. 6) %) 535.8%2  10.8367> 99,670 10.936%* ¥2.391 15.208%%
{Comp. 7) ) §.570 - 10,907  1.3197 4.690  2.202
Within ¥3 (Error) 9 49,456 - 9.114 - 2.150 -
Hork-load Condition 4
(W4; passive tasks with TID)
{Comp. 5) {1) 2496.087 13,928%% 726.873  36.824%e¢ 284,729 43, gpinee
{Comp. 86) {1} 130,152 - 59.844 3.032 17.270 2,863 . '
(Comp. 7} ) 29B.448 1.665% 32,998 1.672 ©.508 1.463 },j;;-,
Within W4 (Error) & 178,219 e 19,737 oo 6.472 -
Work-load Condition 8
(W5: passive tasks with MATH)
{Comp. 5) {13 B43.772 30.640%%%  Y35,32%  &7,688%%% 286,704 84 ,207%%%
{Comp. 6) (1) 91.312 5.316 152,505  14.038%= 51.652 15.171%#
{Comp. 7) {3) 70,729 2.658 56.100 5.164% 17.653 5.185*
Within W5 (Error) 9 27,538 v 310.863 - 3,408 ——

*P <.05, *p <.01, ©9¢P <001

Yyean square error terms for msasure #1, #5, and #7 wers multiplied by 10, 10,000 and 100,000,

rospectively.
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rhis stability of structure--acress axperiments, zimes of weasurements,

subjects, and even the Wo versions of the rpgk--TEROVes B8 least one

of the difficnities previouslty sssociated with ¢he messurenment of problem-
golyving behaviol} namely, the i fficunlitiss associated sspecially with the
”@af%@ﬁ«game“ rypss of ©asks emgi@yeé.aﬁaxﬁy pniversally prior o 1950

3 which widsly variable pesulls wois 1ikely within ond between problems,
imdividuals, and %xp@wim&m@al conditions f(of. Ray, 1858}, ndeed, it

noy KOPOBLTS possiblie with eithew wersion of the COTRAM task o study
pr@%iam«ggiving nehawioe with the essupption that only ong perfornance
phenomsino is snvolwed-~the nonverbal madiation required in ¢he appli-
cation of a single pﬁiﬁ@i@&@é Teis.

?@a@ti@@ Bé#ferts

The percentages of explained varianes accounted £0% by each of the
sheee fantors iB Expeviment 117 remained sesentially constant acyoss the
four sessions of practics. Bssentiglly sdentical resulls had been
ohtained ?Y@Wi@&%iy with the Zp.COTREN task {#1iuisi £ Morgan, 1568,

pe 413 The COTRAN task, in either the 3P or DR version, ig intellec~
aal in palure, and perhaps this expleins how it is that thess resulis
are contrayy O shoss Lypleally gbtainsd in the study of psychouoto¥
skitie {of. rielshman & Hemplis, 19563, In fact, this mould be ond of
the important operational 43 fferentistions of the different kinds of
gkiils smwoivedt

The prabzem«sazwimg skills imvolved In nR-COTRAN performances
WRLE imp&@vaé.witﬁ practice, but at 43 Eferantial Tales according

+o the diffevent factors snd WeasUTes of performence employed; specifi-
eally, @Sympt@ti@.iavazs of performance wore veached at sariier stages
of practics with the gemeral end mcouracy (oF srror) MEASUTS: then
wich the spesd for time} MEESUTeS. 108 vesulis previously ebtained
with the o COTRAN task Were ezsentially jdentical: asymptotic isvels
of perfounancs were veached with the arpor-related megsures eaviier
shon with the rime-veleted (Aziuvisi & MougiR, 1968% .

practice and problien aisficolry (8% ganipoiated by use of the
ﬁraﬁsf&%ma%i@nw@@mpiaxiﬁy warisble} were found to interact in Bxperimeni
137; ¢he jntayaction was essentially sdentical €O that previcusly found
with the uss of %he,ngﬁ@Tﬁﬁﬁ ¢ask i&ﬁiﬁ%gi & Loates, 1067, Alluisi &
Worgan 19687 . 8@@@§§i@a31yg she sttainment of agymptotis 1evels of
DR-COTRAN performancts wag affscted smyersely bBY segneformation COM-
plexity ond dizectly by the degres of practics previﬁed% The three
ﬁ?amgfgrmatign«a@myﬁ@xi&y jevels (problems with 3, 4, oF g ¢rgnsforma-
sions requived] representsd shres distinct isvels of performance {and,
by infewends; of Giffienlity) zhyoughout the acquisivion of the DR-COTRAN
skiil, snd These 43 fRevences appearsd 0 be maintained when gsymptotic
1evels of porfornancs were attained. I shis pegard the DR-COTRAN

task appesrs mOTS sensitive then she 3P-COTRAN yersion since differences
smong the three %ﬁaﬂsf@ﬁmatiwnma@mp%exity jgvels with thvt task did not
emergs wmbil asyaptotic jevels of performansd had been goached, This

3¢ one of the Loy differenses ohserved in the charscteristics of ths

rue wersions of ghe COTRAN task, snd although if dnes mot appear o be
an essentiasl 4t ffevence, it Fgwors the DR-COTRAN version ovey the

other task.
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Semeitivity to Bffects of Iliness

The geneyal patiern of results snd conclusions vegarding the effects
of iilness and practice in EBxperiment II was essentizlly identical for
the twoe versions of the COVREN task. Neither task was sufficientiy
sempitive when used zione in 2 20 to 30-win. session daily to measurs
decrements in COTRAN performance during s subject’s iliness with g
febrile disesse such as Bandfly fever. Howsver, since decrements in
work behavicre--in the MIP battery p@?f@rmaﬁcegm«@f the same subjscts
wsre measured during the sews pericds of illness {ef. Coates st al.,
18569}, it is predicted that sither task would be "appropriately Sensitive”
and would contributs ¢o the general decrements in work behavicr during
illness if cwbedded as wne of the tasks in the MIP betltery vather tham
used slone., This prodiction will have to swair further tests for veri-
ficetion or demial.

The resulte of Experiment I also show some of the differences in
the two versions of the COTRAN task. MNot enly sre there the stzuctural
differences {ons version has three phases, whereas the other has only
wne phase that iz equivalent ¢o the third phase of the former), but also
there are important differences veiated to their spplication or use.

The IP-COTREN tesk is more difficuir amd iv shows the effects of prace
tige over 2 longsy period and with more numerous measures of psrformance
than the DR-COTRAN version which is esasier and more quickly leagrned.
These differences, like those discussed in the previous section, arve

not essential, and for the mogt part they favor the DR-COTRAN task,

Combingsions of DR-COTRAN With the MIP Battery

The results of Experiment IV indicate that the addition of the DR-
COTRAN task %o various combinations of taske from the MIP battery does
not sdverssly affect the psrfommances of the latter. The more-difficult
3P-O0TREN wersion had been found In 2 previous study to be different in
this wegard; wmultiplis-task @“?i@?ﬂ&ﬁﬁ@& were not maintzined with con-
current work on the 3P-COTRAN task in the MATH and the passive-plus-
MATH-work-load conditioms {(ef. Alluisi § Mowgen, 1962, pp. 31-35]).

This difference again favers the DR-COTRAN wersion of the task for use
with the other tsasks in the MIP battery.

DR-COTRAN performances wers sssentially unafffected by the require~
ment that they be time-shaved with only the three passive or watchkesping
tasks of the MIP battery. They weve adversely affected {in ferms of the
speed scores) when tims~shared with sithey @f the sctive tasks (TID or
MATH]} whether alons or with the sddition of the passive tasks. If and
when the DR-COTRAN task is added #o the MYP battery, therefore, consid-
gretion should be given fo ewploying it under at least twe wovk-lcad
conditions, one of which is essentially unstressed {(the passive tasks
alone) and the other of which represents a work-losmd stvess (the passive
tasks plus TID or MATH].



Gensral Conclusion

The results of the present studiss, and those of the previsus studies
of the 3P-COTRAM task {Alluwisl § Costes, 1967; Alluisi § Morgan, 19683,
support the conclusion thet the DR-COTRAN task permits the megsuvemsnt
of the ssme nonverbal-medistiongl sspects of intsllectual functioning
28 provided for in the thiyd, or problem-soliving, phase of the IP-
COTRAN task. The two wersioms of the task differ in terms of some
apparently nonsssentizl charscteristics, and in these cases the differ-
snces favor the DR-UOTRAN version for use as an additiomal task in the
meitiple-task pexformance (MIP) battesry.
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